



















a	 slightly	 lower	 enhancement	 but	 more	 time	 efficient	 data	
acquisition.	
	
Solid-state	 nuclear	 magnetic	 resonance	 (NMR)	 spectroscopy	
involving	quadrupolar	nuclei,	which	account	for	more	than	75%	of	all	
active	nuclei,	has	become	an	essential	analytical	 technique	for	 the	
atomic-scale	 characterization	 of	 a	wide	 range	 of	 inorganic,	 hybrid	
and	 organic	 materials	 such	 as	 glasses,	 zeolites,	 surface	 catalysts,	
metal-organic	frameworks,	battery	materials	or	pharmaceuticals	to	
name	 but	 a	 few.1–4	While	 for	 spin	 I	 =	 1/2	 nuclei,	 the	 dipolar	 and	
chemical	shift	anisotropy	(CSA)	interactions	are	fully	averaged	out	by	
magic	angle	spinning	(MAS),5	producing	sharp	lines	positioned	at	the	
isotopic	 chemical	 shifts,	 the	 second-order	 quadrupolar	 interaction	
observed	 for	 spin	 I	 >	 1/2	 is	 not	 fully	 removed	 by	MAS,6–8	 yielding	
field-dependent	shifts	and	broadened	NMR	lines.	These	are	some	of	
the	major	limitations	to	the	widespread	applicability	of	quadrupolar	
NMR.7–10	 The	 second-order	 quadrupolar	 broadening	 is	 inversely	
proportional	 to	 the	 strength	of	 the	external	 field	B0	and	 therefore	
very	high	magnetic	fields	allow	high	spectral	resolution.11	In	parallel,	
a	 range	 of	 NMR	 experiments	 have	 been	 designed	 to	 completely	
average	 out	 the	 second-order	 broadenings.	 They	 are	 based	 on	
technically	 challenging	 NMR	 probes	 permitting	 sample	 Double	
Rotation	 (DOR)12	 or	 Dynamic	 Angle	 Spinning	 (DAS),13	 or	 consist	 in	
combining	conventional	MAS	with	the	manipulation	of	the	different	
nuclear	spin	transitions	in	techniques	such	as	Multiple	Quantum	MAS	
(MQMAS)14	 and	 Satellite	 Transition	MAS	 (STMAS)15.	 Despite	 these	
sophisticated	 approaches	 and	 the	 increasing	 availability	 of	 high	





is	 dynamic	 nuclear	 polarisation	 (DNP)16,17,	 which	 involves	 the	
microwave-driven	 transfer	 of	 the	 large	 polarization	 of	 unpaired	
electrons18–21	(e.g.	added	to	the	samples	as	paramagnetic	polarising	
agents)22–28	 to	 the	 surrounding	 nuclei	 in	 a	 glass-forming	matrix	 at	
cryogenic	 temperatures,	 typically	 100	 K	 or	 below.29,30	 The	 drastic	






of	 the	NMR	 signal	 enhancements	with	B0	which	 scales	 as	B0
-1	 and						
B0
-2	 for	 the	 two	most	 common	 polarization	 transfer	 mechanisms,	
cross	effect	(CE)	and	solid	effect,	respectively.	However,	large	signal	
enhancements	(>	80)	have	recently	been	obtained	at	18.8	T	using	the		
Overhauser	 effect	 (OE)	DNP	mechanism16,44,45	 and	 the	narrow-line	
1,3-bisdiphenylene-2-phenylallyl	 (BDPA)	 radical.46 The	 apparent	
linear	 scaling	 of	 the	 OE	 signal	 enhancement	 with	 B0	 currently	
represents	one	of	 the	most	 attractive	approaches	 for	DNP	at	 very	
high	fields	and	is	an	exciting	opportunity	for	quadrupolar	nuclei.	
A	 quadrupolar	 nucleus	 of	 particular	 interest	 is	 17O	 due	 to	 the	
ubiquity	 of	 oxygen	 in	 materials	 chemistry	 and	 biochemistry.	
However,	 its	extremely	 low	natural	abundance	 (0.037%)	makes	 its	
NMR	detection	near	 impossible	unless	samples	are	 17O-enriched.47	
The	feasibility	of	MAS	DNP	on	17O	has	been	recently	reported.48–52	In	
particular,	we	 demonstrated	 that	 high	 S/N	 natural	 abundance	 17O	
cross	 polarization	 (CP)	 MAS	 NMR	 spectra	 could	 be	 obtained	 on	
nanoparticles,49	while	more	recently,	the	detection	of	17O	DNP	NMR	




















gives	 enhancements	 up	 to	 εO	 CP	 =	 14,	 and	 allows	 for	 the	 fast	










under	 the	 CE	 condition	 at	 ν0(

















=	9)	 and	 that	 the	maximum	values	 reported	above	were	obtained	
after	holding	the	sample	at	253	K	for	20	h	before	freeze-thaw	cycling	
(see	SI)	and	inserting	in	to	the	probe	(Figures	1	and	S4).		
It	 was	 recently	 shown	 that	 the	 use	 of	 a	 PRESTO	 (phase-shifted	
recoupling	effects	 a	 smooth	 transfer	of	 order)	 sequence55	 is	more	
efficient	for	the	1H-17O	heteronuclear	polarization	transfer	and	yields	
for	 Mg(OH)2,	 Ca(OH)2	 and	 	 silica	 surface
52	 line-shapes	 closer	 to	
simulations	 than	with	 CP,	 including	 in	 the	 context	 of	MAS	 DNP.59	
Figure	1b	shows	the	corresponding	CE	DNP	17O	PRESTO	spectra	on	
the	 same	 Mg(17OH)2	 sample	 at	 18.8	 T.	 A	 maximum	 signal	
enhancement	of	εO	PRESTO	=	19	was	obtained	and	is	slightly	higher	than	
εO	CP	 (14).	However,	 in	 our	 hands	 and	 at	 18.8	 T,	 the	overall	 signal	
intensity	is	lower	than	with	17O	CP	as	predicted.55	We	also	note	the	
asymmetric	 line	 shape	 and	 dephased	 spinning	 side	 bands	 are	
exacerbated	by	the	addition	of	microwave	irradiation	(Figure	S3).	The	




spectra	 of	Mg(OH)2	 relatively	 quickly	 in	 82	minutes	 (Figure	 1c-d),	





and	 could	 be	 polarized	 by	 CE	 DNP	 with	 TEKPol	 and	 even	 more	
efficiently	by	OE	DNP	with	BDPA.44,45,61	 In	the	next	paragraphs,	we	

























revealing	 that	 the	 polarization	 is	 efficiently	 transferred	 from	 the	
glassy	 matrix	 to	 Mg(17OH)2	 and	 that	 the	 polarization	 is	 evenly	
distributed	across	the	particles	by	1H-1H	spin	diffusion	mechanisms.63	




to	 Mg(17OH)2.	 Increasing	 the	 content	 of	 OTP-d14	 in	 the	 matrix	
improves	the	signal	enhancements	of	the	sample	(Table	1,	Figure	S2),	
in	 agreement	 with	 previous	 literature	 showing	 that	 deuteration	
improves	DNP	enhancements,60,64	due	to	the	decrease	in	1H-1H	spin	








the	 OE	 condition	 of	 Mg(17OH)2	 prepared	 in	 an	 OTP	 matrix	 (with	
various	 concentration	 of	OTP-d14)	 and	 using	monoradical	 BDPA	 as	
polarising	 agent,	 providing	 a	 comparison	 between	 CE	 and	 OE	




















Table	 1:	 A	 comparison	 of	DNP	 enhancements	measured	 at	 18.8	 T	
using	CP	Hahn	Echo	on	Mg(17OH)2	in	a	range	of	polarisation	matrices	
(see	SI).	n/a	indicates	that	these	experiments	were	not	run.	






εO	CP	 14	 6	 12	 11	 12	
Σ†O	CP	 72	 38	 54	 71	 53	
Overhauser	Effect	(1.4	%wt	BDPA)	
εO	CP	 5	 2	 n/a	 17	 3	
Σ†O	CP	 13	 24	 n/a	 34	 9	
In	conclusion,	we	have	shown	that	it	is	possible	to	transfer	the	OE	
DNP	enhanced	polarisation	of	OTP	doped	with	BDPA	to	the	17O	spins	
of	Mg(17OH)2	 hydroxides	 at	 18.8	 T	with	 good	 efficiency	 by	mixing	
both	solids	 together.	We	have	also	demonstrated	 that	despite	 the	
lower	ε	values	obtained	with	CE,	TEKPol/OTP	and	TEKPol/TCE	provide	
time	 efficient	 signal	 enhancement.	 This	 has	 enabled	 large	 gain	 in	
absolute	sensitivity	permitting	the	challenging	detection	of	natural	
abundance	 17O	NMR	spectra.	 This	 study	paves	 the	way	 to	a	wider	
application	of	17O	DNP	enhanced	NMR	at	high	magnetic	field	and	its	
transposition	to	other	quadrupolar	nuclei	 in	a	variety	of	crystalline	
and	 amorphous	 inorganic	 materials	 with	 strong	 second-order	
quadrupolar	broadenings	hampering	spectral	resolution	at	low	field.		
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